In models that predict hydrologic, ecological and product-yield relationship, the climate interface file is widely used. Today, CLIGEN is the most widely used climate model. While this model is extensively used in many countries around the world, it is not used commonly in our country. In this study, daily data belonging to Tokat climate conditions were simulated with CLIGEN. Observed and simulated precipitation was classified as the wet/dry period. The performance of the CLIGEN climate model was evaluated in both wet and dry periods according to the seasons. The relationship between the obtained precipitation data was statistically determined by Kolmogorov-Smirnov and t-test. Tokat province is located in the arid and semi-arid climate zone. The performance of the model in predicting precipitation in all seasons during the dry period was found to be quite successful.
Introduction
Precipitation events are a very complex climatic event because they depend on a region's topographic features, area size, and regional climate factors (Kundu et al., 2003) . A variety of indicators have been developed around the world to display changes in the universal climate (Li et al., 2017) . These indicators determine the number of wet/dry days according to the daily precipitation in a year (Frich et al., 2002; Li et al., 2010) . However, when the amount of precipitation is insufficient, wet/dry days are quite difficult to determine. Therefore, climate models have been developed to carry out wet/dry day analysis (Kou et al., 2007; Nicks and Gander., 2009) .
Climate models generally use the daily values of climate factors such as precipitation, maximum and minimum temperature, solar radiation, wind intensity, and relative humidity (Jones et al., 2003; Min et al., 2011) . For these models, the distribution of the data based on space and time is of significance (Zhang and Liu, 2005) . Often, some difficulties are encountered in the data entry file that these models use.
In many meteorological stations, these data may be incomplete or inadequate. Climate models form an estimated climate data set by making some equations and statistical analyses. Thus, the missing data in the observed data set is completed. Today, studies estimating the longterm climate data in different climatic conditions by these models are intensively carried out. In these studies, it is aimed to develop a standard method to be employed in agriculture, hydrology and environmental practices (Elshamy.et al., 2009) . CLIGEN was originally developed as an interface to the Water Erosion Prediction Project (WEPP) erosion model (Nicks et al., 1195) . However, it was later used extensively as a climate model all over the world (Yu, 2000; Elliot and Arnold., 2001) . Since it simulates the climate parameters in a uniform manner, it differs from other climate models. Precipitation intensity and the peak time are the most important parameters used by the model. Because of this feature, it is widely used as an interface in models such as SWAT, WEPP and RUSLE (Yu, 2003) . This is because the precipitation intensity is significant for these models which take into account the hydrological and erosion processes. In USA and Australia particularly, precipitation data obtained with CLIGEN and RUSLE were compared with those observed values in many countries around the world (Yu, 2003) . As a result of the studies, it was stated that RUSLE predicted above the observed values.
Turkey is one of the countries affected most by the climate changes seen in the world. In Tokat province particularly, the amount of soil losses that happen due to precipitation seen in spring season is on a rise (Demir, 2016) . In particular, the determination of wet/dry days due to extreme precipitation seen during the year is important in terms of evaluating the environmental impacts of the precipitation. Drought leads to a lot of socio-economic damages. For this reason, it is important to determine the effect of climatic changes. In Tokat province, determination of the applicability of climate models such as CLIGEN will be a reference in future soil and water conservation studies (Li, 2007) . In this study, climatic data between 1975-1995 were simulated by CLIGEN climate model. Observed and simulated data were classified as seasonal. The total annual precipitation in wet and dry period was determined and the performance of the model in Tokat province was compared.
Materials and Methods

Study Sites
The Middle Black Sea Transitional Zone Agricultural Research Institute where the study was conducted is located in the Upper Yeşilırmak Basin, 10 km west of Tokat city in Turkey (Map 1). The study area is located at latitude 40 ○ 19¹ 40¹¹and longitude 36 ○ 26¹ 92¹¹ with an elevation of 601 m (Durak and Oğuz, 1994) .
Map 1 Site location map
Method Formation of daily precipitation data with CLIGEN:
CLIGEN is a model that provides estimated climate data by taking into account the climate factors such as precipitation, temperature, dew drop point, solar radiation, the intensity and direction of the wind, which are observed for a long period of time. Markov chain method consisting of two separate phases is employed to determine the number and distribution of precipitation in a month. This method calculates the occurrence probability of two conditions. The probability of a wet day after a dry day following a dry day is defined as 'α' and the probability of a dry day after a wet day is defined as 'β' (Min, 2011) . Considering these conditions, the calculations in the Markov Chain are given below: P(W/D) =α, P(D/D) =1-α, P(D/W) =β, P(W/W) =1-β P(W/D) = Dry day following a wet day P(D/D) = Number of dry days following a dry day P(D/W) = Number of wet days following a dry day P(W/W) = Number of wet days following a wet day
The precipitation data of the Middle Black Sea Transitional Zone Agricultural Research Institute between 1975-1995 were simulated with CLIGEN. The observed and simulated precipitation was classified according to the seasons and compared according to the average wet /dry days.
Determination of wet/dry days: The following equation was used to determine wet/dry days:
Xn=
(Xs-µs) sd
Here Xn stands for the normalized value, Xs stands for the amount of individual precipitation (mm), µ stands for the average precipitation and sd stands for the standard deviation of precipitation. If the value obtained from the equation is greater than Xn; it is classified as a wet day and, if it is smaller than Xn, it is classified as a dry day.
Results and Discussion
Evaluation According to Average Wet Days Average seasonal precipitation values predicted and observed with CLIGEN were compared and the results are presented in Table 1 . The model predicted the highest seasonal average values during winter and spring seasons between 1975-1995 (Table 1 ). It is seen that the daily precipitation values predicted in these seasons and the observed values are close to each other. Winter consists of December-January-February; spring consists of March-April-May. The highest number of wet days is experienced in these months (Table 1) . For the winter season, observed and predicted average precipitation values of wet days were calculated separately for a period of 21 years from 1975 to 1995 (Table 1 ). The total observed and predicted precipitation was 60.13 and 64.93 mm, respectively, and the average precipitation was 2.86 and 3.09 mm, respectively. The relationship between the precipitation data of winter season was compared graphically (Figure 1 ).
Within the 21-year period in which the average values were quite close to each other, CLIGEN predicted above-the-average values for 1979-1980 ( Figure 1 ). Daily precipitation data for both years vary considerably. As the mean and standard deviation values increase, the average precipitation value of wet days increases as well. The descriptive relationship between the observed and predicted wet day average precipitation data for the winter is illustrated in Figure 1 . When Figure 1 is examined, it is seen from the regression coefficient that the relationship between them is not very powerful (R 2 = 0.39). The data is distributed under the 1: 1 line, which shows that the average precipitation predicted with CLIGEN is high. In addition, it is seen that the model predicted high values low and low values high in daily precipitation data of winter.
CLIGEN calculates the amount of precipitation using many parameters. Kinetic energy is the precipitation property to which the model is sensitive most. Particularly in the spring months, the kinetic energies of the precipitation are quite high and the model predicts the precipitation above the observed value. The total precipitation seen in the spring season is 60.04 and the estimated precipitation is 63.9 mm. Precipitation averages were 2.86 and 3.05 mm, respectively (Table 1) . When Table 1 is examined, it is seen that the average precipitation of wet days is close to each other. The highest average observed and predicted precipitation of wet days belonged to 1982 and was 4.36 and 4.14 mm, respectively. The lowest average value was seen in 1976 with 2.10 and 2.29 mm (Table 1) . The relationship between precipitation in spring season was evaluated graphically (Figure 2 ). According to Figure  2 , it can be stated that CLIGEN does not predict much above the observed value for the 21-year spring season wet precipitation and its performance is high for this season. The regression relationship between the spring precipitation of days was compared and results are presented in Figure 2 -b. The individual precipitation events seen in this season show an increasing and decreasing trend. This irregularity seen in the distribution of daily data is shown in Figure 2 -a. The data is distributed under the 1: 1 line. It is inferred that the model predicted the precipitation under 1 mm above the average, while predicting the precipitation over 1 mm below the average. The average value of the spring precipitation data of wet days is about 2 mm, which originates from the predictions of the model. The descriptive coefficient is R 2 :0.63, and it was found by the results that the model showed the highest success in this season.
Summer is the season when CLIGEN climate model performance is low. The model works by taking wet days into account. The total observed and predicted precipitation was 29.14 and 36.41 mm and the average was found to be 2.65 and 3.31 mm (Table 1) . Figure 3-b shows that the performance of the model is not very high and the relationship between them is shown graphically. The model predicted wet day precipitation values higher than the observed value. Precipitation recorded following dry days in summer was considered as extreme and its intensity is high. Increasing the intensity of precipitation raises the precipitation value in CLIGEN model. The model did not predict precipitation for years when no precipitation was recorded. The model estimated a very high average value in 1989.
No precipitation was observed in July and August in 1989. In the summer, precipitation was observed in June 8. The descriptive relationship between the observed and predicted precipitation averages is presented graphically in Figure 3 -a.
Specifically, the prediction of the precipitation below 1 mm by the model is shown in Figure 3 -a. In addition, precipitation data are distributed both below and above the 1: 1 line. Because the model predicted the precipitation of data wet days recorded in summer above and below the average and almost equal to the average. The relationship between them is R 2 = 0.37 and is not high. Kou et al. (2007) evaluated the performance of the model for four seasons with the CLIGEN climate model for Korea. However, in his study which evaluated the performance of the model for the summer regarding the wet/dry period, he stated that the performance of the model is quite good. This is because Korea is one of the countries that receives a lot of precipitation in summer months. This indicates that there is a linear relationship between the operation of the model and the precipitation.
CLIGEN showed a higher performance for the autumn than winter. The total observed precipitation was 48.64 and 54.00 mm and the average precipitation was 2.56 and 2.84 mm (Table 1) . Predicted and observed average precipitation of wet days in this season are very close to each other. However, the situation was different in 1981 and 1986. In 1981, the observed average values were high. It is revealed by the model outputs that CLIGEN is very sensitive to precipitation seen in October and November. In 1981, successive precipitation took place in October (Figure 4-b) . The number of wet days calculated according to the Markow chain was decreased. The relationship between the observed and predicted precipitation averages of wet days for autumn were examined graphically and are presented in Figure 4 -a.
The data were distributed above, below and along the 1:1 line. The descriptive coefficient R 2 was found to be 0.62. The reason for the low relationship between them is that the precipitation varies significantly in this season. The number of wet and dry days was calculated either high or low for this season. ın the study which evaluated CLIGEN annual rainfall in Tokat province; found similar results. In addition, the results obtained according to the seasons show similarities with the study of the changes in seasons in the province of Tokat.
Evaluation of Precipitation According to Dry Day Averages
The average observed and predicted precipitation of wet days in different seasons were found to be nonsignificant at the 95% significance level according to Student's t-test. It was concluded that there was no significant difference between the precipitation averages. It was seen in the K-S test that the data did not show a normal distribution (Table 2 ). Since precipitation data show variations a lot, they are not normally distributed most of the time. Average precipitation of dry days calculated using two-phase Markow chain is given in Table  2 . It is seen that CLIGEN predicts the precipitation values for all seasons above the observed value.
For winter season, total observed and predicted precipitation of dry days was 18.19 and 21.55 mm, and the average was found to be 0.91 and 1.80 mm ( Table 2) .
The model predicted the average precipitation of dry days above the average as in the winter with the longest wet day average. This is closely linked with the algorithm of the model. In winter, snow cover on the soil surface, temperature drop below zero, and solar radiation closely affect the amount of precipitation. The relationship between them is compared graphically and shown in Figure 5 . It is seen in Figure 5 that in 1979 the precipitation was quite high and there was not much precipitation in winter. In contrast to 1979, in 1992, there was a lot of precipitation in the winter. The number of wet days increased and therefore the average precipitation value decreased ( Figure 5) .
The relationship between winter season average dry precipitation was evaluated graphically in Figure 5 -a. The descriptive coefficient is R 2 :0.46, which is the same as the values found for wet day averages. Precipitation data is distributed below the 1: 1 line and close to the X axis, which indicates that the model predicts the average higher than the observed averages. It predicts precipitation over 1 mm quite high. According to Student's t-test, there was no statistically significant relationship between the observed and predicted dry precipitation values at 95% humidity level. The K-S test revealed that data did not show a normal distribution (Table 2) .
Average precipitation of dry days observed and predicted for the spring was 15.12 and 17.39 mm, and the average was found to be 0.72 and 0.83 mm. It is also seen that the model predicted the average precipitation data quite close to each other or a little higher than each other. The highest average was observed in 1992. In 1989, the average values estimated by the model were quite high ( Figure 6) .
In that season, the model predicted the precipitation over 0.40 mm quite high. The relationship between the observed and predicted average precipitation of dry days was evaluated graphically ( Figure 6 ). The descriptive coefficient is R 2 :0.81 and this value can be interpreted in the way that the model was successful in predicting precipitation of dry days in the spring season. Precipitation data are distributed below or very close to the 1: 1 line. It is not successful in predicting precipitation below 0.30mm. In the student t test, the relationship between the data was found to be nonsignificant at 95% significance level. According to the K-S test, data did not show a normal distribution ( Table 2) Nick and Gander (2009) evaluated precipitation in the wet/dry period according to the seasons by CLIGEN in different states of China. The model found the precipitation in the whole period close to or slightly above the observed value. These results are similar to the results obtained in our study as well as the results obtained by . The observed and predicted total precipitation of dry days for the summer was 7.41 and 8.60 mm, and the average was 0.82 and 0.96 mm (Table 2 ). In the summer when the longest dry day average is obtained, the model estimated the average to be slightly above or almost equal to the observed values (Figure 7) . In 1992, the model found the value below the observed average precipitation. Daily precipitation values in the summer of this year were over 2 mm. Due to the successive precipitation, the number of wet days increased and the average value decreased. CLIGEN did not show the failure it showed in the average wet day for summer in the average for dry days. The regression coefficient, which shows the relationship between them, is very high and the descriptive coefficient was calculated as R 2 :0.81 (Figure 7) .
The wet/dry day periods calculated according to the Markov chain constitute the basis of the model. As the dry day length increases, the average precipitation value decreases. Furthermore, the number of wet day decreases with the increase in the dry day length. In the summer when wet day averages were evaluated, the model predicted precipitation above the averages as the number of wet days was small (Figure 7) . In addition, the K-S test revealed that the daily precipitation data predicted in summer shows normal distribution. This is also the indication that the data do not show a lot of variation. According to the Student ttest, there was no significant relationship between the observed and predicted precipitation data at 95% level (Table 2) .
For the autumn season, the total dry day precipitation was calculated for the observed and predicted precipitation data. The total observed dry days were 13.35 and 16.05 mm and the averages were 0.70 and 0.85 mm ( Table 2) .
The model predicted autumn dry day precipitation data close to or slightly above the average except for 3 years. Daily dry precipitation data observed between 1978, 1982, 1985 and 1991 are small values ranging from 0.2-0.5 mm. The model predicts these values high above the averages both for the calculation of wet and dry day precipitation (Şekil 8-b). This can be seen as the reason for the high precipitation average (Figure 8) . Figure 8 -a shows the relationship between the observed and predicted average dry precipitation. The descriptive coefficient is R 2 :0.67 and it can be said that the observed and predicted dry precipitation data closely affect each other. In the Student t-test, the relationship between the observed and predicted precipitation data was found to be nonsignificant at 95% significance level. In the K-S test, it was seen that the data did not show a normal distribution (Table 2) .
Conclusions
Wet and dry day precipitation averages were calculated and evaluated according to the seasons. Predicted and observed average precipitation values were compared. The model was successful in simulating wet and dry precipitation recorded in the spring. In the spring months when the longest wet days are observed, the predicted average values and the observed values are very close to or slightly higher than each other. The same is also valid for the dry day average precipitation. In the spring, the model does not differ in predicting the average precipitation in both dry and wet days. Although winter is the longest wet day period, the performance of the model is not good during this period. The model is more successful in predicting the precipitation seen in winter in the average precipitation of dry days compared to wet days. April, May, June and July are the months where the highest land losses occur in Tokat province. The fact that the CLIGEN data of the model was found to be very successful in these months implied that this model will yield successful results in predicting the land losses in the region.
In summer, the longest dry day period is observed. In this period, while the number of dry days increases, the mean and standard deviation decrease. The model showed the highest performance in predicting precipitation in the dry day period. However, its wet day precipitation performance declined. This result shows that the model is suitable for the climatic conditions of Tokat province.
In the fall season, CLIGEN failed to predict wet day precipitation, whereas it was pretty successful in predicting the dry day precipitation. Because in this season, precipitation is not high. The dry day period is long.
Tokat province is a region where spring precipitation is intense. Therefore, the results found with the WEPP Hillslope model to simulate precipitation in this region can be used to represent the region.
